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Effects of the number of periods on strain in superlattices
K. Nishida,a) S. Hagiwara,b) M. Teranishi, O. Sirakawa, A. Hirakai, and T. Katoda
Department of Electronic and Photonic Systems Engineering, Faculty of Engineering, Kochi University
of Technology, 185 Miyanokuchi, Tosayamada-cho, Kamigun, Kochi 782-8502, Japan
~Received 9 February 2001; accepted for publication 25 January 2002!
The effect of periods on the accumulation and release of stress in GaAs/AlInAs superlattices
structure is reported here. It is observed that in GaAs/AlInAs superlattices, when the Indium ~In!
content is greater than 10%, stress accumulates monotonically as the number of period increases. In
GaAs/AlInAs superlattices with an In content of 5%, the accumulated stress is larger when the
number of periods is less than 10. However when the number of periods exceeds 10, it was observed
that suddenly there is a significant increase in defects and stress release. However, with any further
increase in period number, there is once again an accumulation of stress. © 2002 American
Institute of Physics. @DOI: 10.1063/1.1462419#
I. INTRODUCTION
Superlattices ~SLs!1–4 and strained superlattice
structures5–7 are already in use in many devices and are ex-
pected to be used increasingly in the future. In general, de-
fects are formed in a strained SL when the strain exceeds a
threshold.8,9 No relation has been proposed for the number of
periods. Moreover, it is difficult to characterize the strain
inside the SL structure. Laser Raman spectroscopy could be
useful tool for characterizing the strain in the SL structure
because laser light can penetrate the sample due the absence
of absorption at this wavelength.
In this article, we propose a possible relation between
the number of periods in a GaAs/AlInAs SL and the accu-
mulated strain in the GaAs layers of this superlattices struc-
ture as measured with laser Raman spectroscopy.
II. EXPERIMENT
A series of ~GaAs!n~AlInAs!n SLs were grown on ~100!
semi-insulating GaAs substrates by molecular beam epitaxy.
High purity In, Ga, Al, As, and Si were used as sources. The
growth temperature of a GaAs buffer layer and the superlat-
tices structure was 540 °C. Figure 1 is a schematic drawing
of the sample.
Growths were carried out by varying the number of pe-
riods and the In content of the InAlAs layer for changing the
accumulation of the strain in the SL.
First, a set of four semiconductor layers, GaAs 20 nm,
InAlAs 15 nm, Si-doped InAlAs ~Si–InAlAs! 25 nm, and
InAlAs 15 nm, were grown with periods varying between 5
and 30 as multiquantum well layers. The GaAs layers act as
wells and the other layers act as barriers. The Si–InAlAs
layers were introduced in order to increase the number of
electrons in the conduction band of the GaAs well because
one of the purposes of forming the SLs was to characterize
the subbands in the well. The electronic properties of these
superlattices will be reported elsewhere. The In content in
the InAlAs was changed from 5% to 15% to vary the lattice
constant.
The Raman spectrum was measured to determine the
strain in the SL. The measurement system used was JRS-
400T ~JEOL Ltd.! with an Ar1 laser ~514.5 nm! as an exci-
tation source. The strain in the GaAs layers in the SL was
characterized based on the shift in the GaAs longitudinal
optical ~LO!-phonon frequency in the Raman spectrum. The
reason why InAlAs was used rather than InGaAs is as fol-
lows. In general, when the frequency of the laser light is
coincident with an eigenfrequency of the crystal, strain can
be measured using Raman measurements. The strain can be
estimated correctly because the GaAs LO peak and one of
the phonon peaks of InGaAs may overlap. Since both mate-
rials have almost the same lattice constant, InAlAs has been
used as a barrier layer instead of InGaAs in this study.
The penetration depth of the laser ~514.5 nm! at this
wavelength is about 100 nm.10 The measured depth was 5
well layers from the top well layer, as the barrier layers are
transparent at the Ar1 excitation source wavelength. Each
well layer is 20 nm in thickness. It is possible that the Raman
spectrum included the effects of the lower wells. However,
the intensity of the laser light decreased exponentially with
depth from the top well and Raman light decreased exponen-
tially from the inside to the top. The Raman spectrum origi-
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FIG. 1. Schematic drawing of the sample structures ~In content was 5%,
10%, or 15%!.
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nated mainly from the first well. We can observe that the
strain is released within 5 well layers from the surface, how-
ever the strain from the individual well layers cannot be
separated.
Direct observation of the SLs was carried out using a
transmission electron microscope ~TEM!, JFM-2010 ~JEOL
Ltd.!. As for observing the cross section, the influence of
strain to the SL was characterized. The acceleration voltage
was 200 kV and the space resolution was 0.19 nm.
III. RESULTS AND DISCUSSION
Figures 2–4 show the Raman spectra of the GaAs well
layers with In contents of 15%, 10%, and 5% in the SL with
varying periods. A peak around 290 cm21 was due to the LO
phonon in GaAs. The extra shift in the GaAs LO phonon was
due to stress in the GaAs layers. The frequency of the GaAs
LO phonon shifted to a lower wave number with an increase
in period, as shown in Figs. 2 and 3, for In contents of 15%
and 10%, respectively. However the GaAs LO phonon fre-
quency changed in a complicated manner for an In content of
5%, as shown in Fig. 4. These results are explained as fol-
lows. At first, the extra peak shift of the GaAs LO phonon
and strain in the GaAs well layers were plotted. The stress s
in the GaAs layer was calculated based on the amount of
extra shift of the LO phonon frequency, using the following
equation:11,12
s5
~2pc3v˜ 0!~2pc3Dv˜ LO!
ps121q~s111s12!
109 dyn/cm2, ~1!
where c is the velocity of light, p and q are transformation
potentials, s11 and s12 are elastic compliance,13 v0 is the
frequency of the intrinsic GaAs LO phonon, and Dv˜ LO is the
amount of extra shift of the GaAs LO phonon. Strain h is
given by the following equation:
h52s12s310212%. ~2!
Figure 5 shows the relations between period and strain in the
GaAs layers of the ~GaAs!n~InAlAs!n superlattice. It is clear
from the figure that the strain in the ~GaAs!n~InAlAs)n su-
perlattice with In contents of 15% and 10%, respectively,
increased with period. However, strain in the
(GaAs)n(InAlAs)n with an In content of 5% increased with
the period until it reached 10 and then decreased suddenly
when the period was 10. The strain increased again when the
period was greater than 15. In the case of a
(GaAs)n(InAlAs)nsuperlattice with an In content of 15%
and 10%, the lattice mismatches between the GaAs well
layer and the InAlAs barrier layer were 0.82% and 1.17%,
respectively. The difference in the lattice constants between
the well and the barrier layers was large, hence some of the
strain was released with the formation of defects even when
the period was small. However, as for a (GaAs)n(InAlAs)n
superlattice with an In content of 5%, the lattice mismatch
between the GaAs well and the InAlAs barrier layers was
0.47%, so the difference in lattice constants was small, and
strains accumulated without the introduction of significant
defects when the period was less than 10. When the period
FIG. 2. Raman spectra for GaAs well layer at room temperature ~RT! with
various superlattice periods. Indium content was 15%.
FIG. 3. Raman spectra for GaAs well layer at RT with various superlattice
periods. Indium content was 10%.
FIG. 4. Raman spectra for GaAs well layer at RT with various superlattice
periods. Indium content was 5%.
FIG. 5. Dependence of superlattice period on Raman peak shift. Strain in a
GaAs well layer was calculated based on the peak shift.
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exceeds 10, however, large defects were introduced suddenly
and the strain was released.
(GaAs)n(InAlAs)n superlattice structures with an In
content of 5% were observed using a TEM. Figure 6 shows a
part of the cross-sectional view of the superlattice. The peri-
ods of the superlattice shown in Figs. 6~a! and 6~b! are 10
and 15, respectively. A clear crack is seen in Fig. 6~b! when
the number of periods was 15, while no such crack was
observed when the period was 10. The results are consistent
with those described above. Only one large crack, spread
perpendicularly over all layers, was observed in the superlat-
tice. This means that the crack density was low, judging by
the TEM image. It is possible that such a crack could accrue
for a superlattice with an In content of 10% or 15% when the
period was larger than 30. However, no crack was observed
for those superlattices with a period less than 30, as shown in
Fig. 5, which suggests that the sudden decrease of strain does
not occur in those superlattices.
IV. SUMMARY
We have reported in this article the effect of the number
of periods in a superlattice on the accumulation and release
of strain. In the case of a superlattice, the difference in lattice
constants between the well and the barrier layers is small,
and larger stress is accumulated when the number of periods
is small. However, significant defects are introduced sud-
denly when the period reaches a threshold value, and stress is
released. Stress accumulates again with an increase in the
number of periods after a sudden release.
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FIG. 6. TEM microphotograph of InAlAs/GaAs quantum well structure.
The periods of superlattice ~a! and ~b! were 10 and 15, respectively. In
content was fixed at 5%.
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